Generalizing earlier results of [1], we analyze here the spherically symmetric gravitational collapse of a matter cloud with a general form of matter for the formation of a naked singularity. It is shown that this is related basically to the choice of initial data to the Einstein field equations, and would therefore occur in generic situations from regular initial data within the general context considered here, subject to the matter satisfying the weak energy condition. The condition on initial data which leads to the formation of black hole is also characterized.
I. Introduction
We considered recently the formation and structure of naked singularity in the self-similar gravitational collapse of a perfect fluid with an adiabatic equation of state, and also for a general form of matter subject only to the weak energy condition but with an arbitrary equation of state [1] . It was shown in those cases that strong curvature naked singularities form in the gravitational collapse from a regular initial data, from which non-zero measure families of non-spacelike trajectories could come out. The criterion for the existence of such singularities was characterized in terms of the existence of real positive roots of an algebraic equation constructed out of the field variables.
The considerations such as those in I-1] and [2] provide many insights into the phenomena of gravitational collapse. For example, the Einstein equations, under the geometric assumption of self-similarity reduce to ordinary differential equations. This allows one to construct explicit collapse scenarios such as the Vaidya-Papapetrou radiation collapse with a linear mass function [3] , or perfect fluid collapse [1, 4] which provide useful information on the phenomena of gravitational collapse. It is also known that such conclusions are not restricted to self-similar spacetimes only [2, 5]. *Permanent Address: Mukund Sadan, Jaigung, Aligarh 202001, India
The scenarios such as above have, however, limitations. For example, while in [1] the equation of state is general, subject to the weak energy condition only, the geometric assumption of self-similarity is there. On the other hand, while [2] considers a more general collapse, the classes considered there have other limitations. For example, the later reference there is restricted to dust collapse (however, with a generic mass function with only C 1 differentiability) whereas the former, while considering a wide class of matter (with the condition that the mass function be expandable about the singularity), excludes useful collapse situations due to other assumptions made there (e.g. the metric coefficient c(v r) is also expandable about the singularity and c(v, 0)= 1). The presently known collapse scenarios are restricted mainly to dust and perfect fluid. While the form of matter such as a perfect fluid has wide range of physical applications with the advantage of incorporating pressure which could be important in the later stages of collapse, it is certainly important to examine if similar conclusions will hold for other reasonable forms of matter. For example, as pointed out by Eardley [6], dust could be an approximation to a more fundamental form of matter, such as a massive scalar field. It is thus possible that the naked singularity is an artifact of the approximation used, and not a basic feature of collapse. It is therefore important to consider the collapse phenomena for a rather general form of matter, without limitations such as above. This should help us to understand gravitational collapse and the occurrence of naked singularity in a more clear manner, which should lead to a more precise formulation of the cosmic censorship hypothesis.
Our purpose here is to analyze the formation of naked singularities in spherically symmetric collapse from this perspective for a general form of matter, only subject to the weak energy condition with no restriction on the equation of state. All the presently known naked singular examples, such as radiation collapse, dust or perfect fluid models could apply only to a rather narrow class of equations of state. Our considerations here show, apart from other implications, that given any equation of state, for which there does exist a spherically symmetric, naked singularity example of present type, then for all sufficiently close equations of state there is also such an example. We reduce the spherically symmetric Einstein field equations to a single parabolic partial differential equation of second order. The class of naked singular spacetimes with such equations of state is defined in terms of solutions of this equation.
In Sect. 2 the basic equations for the collapse are set up and Sect. 3 discusses the initial value problem to consider the gravitational collapse of a spherically symmetric matter cloud which is initially non-singular. The existence of naked singularity is characterized in Sect. 4, also examining its curvature strength. It is pointed out that the occurrence of naked singularity or a black hole is more a problem of the choice of the initial data for the field equations rather than the form of matter or the equation of state. The concluding Sect. 5 briefly considers the implications.
Spherically Symmetric Collapse
We consider here the final fate of collapse of a matter cloud that evolves from a regular physical data defined on an initial spacelike surface. The energy-momentum tensor has a compact support on this initial surface where all the physical
